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PRETLIMINARY 


The  object  of  the  tesrts  here  described  was  to 
determine  the  effect  of  scale  upon  the  evaporatiye  performance 
of  a locomotive  boiler. 

Previous  tests  to  determine  effect  of  scale  on 
transmission  of  heat  through  tubes  have  been  made  as  thesis 


tests  by- 

P,  H.  Armstrong  and  J,  Herwig  » 1899 

P.  L,  McCune  - 1901 

. ¥,  A.  Miskimen  and  C.  N.  Stone  - 1904 

H.  P.  Godeke  and  A,  A,  Hale  - 1905 

A,  E,  Boner  (for  degree  of  M.E, ) » 1906. 


The  results  of  the  first  four  of  these  thesis  are 
summarized  in  Bulletin  Ho,  11  of  the  Engineering  Esqperiment 
Station,  the  conclusions  of  which  are  quoted  below: 

1,  "Considering  scale  of  ordinary  thickness- -say  of 
thickness  varying  up  to  l/s  inch — the  loss  in  heat  trans- 
mission due  to  scale  may  vary  in  individual  cases  from  in- 
significant amounts  to  as  much  as  10  or  12  per  cent," 

2,  "That  the  loss  increases  somewhat  with  the  thickness 
of  the  scale , " 

3.  "That  the  mechanical  structure  of  the  scale  is  of 
as  much  or  more  importance  than  the  thickness  in  producing 
this  loss." 

4.  "That  the  chemical  composition,  except  in  so  far  as 

it  affects  the  structure  of  the  scale,  has  no  direct  influence 
on  its  heat  transmitting  qualities." 
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Two  series  of  tests  were  conducted  at  the  round 
house  of  the  C.C.6*  8c  St.L,  Bailroad  at  Urhana, Illinois. 

Three  tests  were  made  upon  the  engine  "before  the  removal  of 
the  scale  and  three  after.  All  other  conditions  "being  uhiform 
during  all  trials. 

+h«. 

The  purpose  of  each  test  was  to  o"b  tain  ^evaporation 
per  pound  of  com"busti"ble  actually  comsumed. (See  note  in 
appendix).  The  final  result  desired  was  a means  of  comparison 
of  the  results  of  the  two  series  on  this  "basis. 

MAITEHiR  OP  COm)UCTlirG  TRIALS. 

Both  series  of  tests  were  conducted  according  to 
American  Society  of  Mechanical  Engineers  Boiler  Testing  Code 
of  1899.  In  each  test  the  same  methods  were  o"bserved,  the 

E X c e v»T  I M -r  & ST  <S» 

same  grade  of  coal  used, and  the  same  fireman  employed.  The 

A 

o p?  e i_ 

flues  and  front  end  were  cleaned  before  each  series  and  all 

A 

"boiler  conditions  were  the  same  except  in  regard  to  the  scale 
which  was  removed  "before  the  second  series.  See  ALSO 

BATA. 

The  engine  tested  was  Bo.  6541  "belonging  to  the 
C.C.C.  8c  ST.L.R.R.  Its  main  dimensions  are  as  follows: 


1.  Class  G .67 

2.  Total  Weight  (Ihs)  185,800. 

3.  Weight  on  Drivers  (l"bs)  170,000 

4.  Weight  on  Truck  (lbs)  15,800 

5.  Diameter  of  Cylinders  (inches)  22 

6.  Stroke  of  Cylinders  (inches) 


30 


7.  Diameter  of  Drivers  (inside  tires)  (inches)-  50. 

8.  Diameter  of  Boiler  (outside  diameter  of 


shell)  (inches)  - 72 

9*  Number  of  Tubes  370 

10.  Outside  Diameter  of  Tubes  (inches)  2 

11.  Length  of  Tubes  (inches)  164 

12.  Length  of  Fire-box  (inches)  120 

13.  Width  of  Eire -box  (inches)  41  l/s 

14.  Depth  of  Fire-box  (inches)  (Front  End)  71  15/l6 

15.  Depth  of  Fire  box  (inches)  (Rear  End)  75  15/l6 

16.  Length  of  Grate  (inches)  36  l/2 

17.  Width  of  Grates  (inches)  13 

18.  Diameter  of  Dry  Pipe  (inches)  6 l/2 

19.  Diameter  of  Steam  Dome  (inches)  30 

20.  Height  of  Steam  Dome  (inches)  20 

21.  Kind  of  Grate  Bars  Rocker 

22.  Kind  of  Draft  Forced 

23.  Type  of  Ejector  "Monitor” 


24.  Service  --  Freight  Service  on  St.  Louis  Division. 

The  data  observed  during  tests  were  as  follows: 

1.  Weight  of  fuel  fired  (Y/ood  and  Coal) 

2.  Time  of  Cleaning  Fires 

3.  Condition  of  Fire 

4.  Size  and  Condition  of  Coal. 

5.  Weight  of  Ash. 

6.  Weight  of  Water  Fed  to  Feed  Tank. 

7.  Height  of  Water  in  Feed  Tank. 

8.  Height  of  Water  in  Gage  Glass. 


9 


• Steam  Pressure  in  Boiler. 

10,  Pressure  on  Manometer  (Calorimeter) 

11,  Pressure  on  Barometer. 

12,  Temperature  of  Peed  Water, 

13,  Temperature  of  External  Air. 

14,  Temperature  of  Round  House, 

15,  Temperature  of  Plue  Gases, 

16,  Analysis  of  Plue  Gases, 

17,  Weight  of  Ash  used  to  Deaden  Pire  at  Close  of  Test, 

18,  Weight  of  Partially  Burned  Coal  and  Ash  on  Grate  at 
Close  of  Test, 

19,  Moisture  in  Coal  Sample. 

20,  Moisture  in  Ash  Sample, 

21,  Moisture  Partially  Burned  Coal  Sample, 

22,  Condition  of  Weather, 

23,  Leakage  from  Boiler, 
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The  tests  were  started  and  stopped  hy  "Standard 
Method"  (See  A.  S.  M.  E.  Code  1899,  Section  X).  At  the  close 
all  draft  was  shut  off  and  the  fire  on  the  grates  smothered 
with  a weighed  amount  of  ash*  After  cooling,  the  mixture  of 
partially  burned  coal  and  ash  was  weighed  and  samples  taken 
to  determine  moisture  and  chemical  analysis* 

Samples  of  coal  and  of  ash  were  likewise  taken  for 
moisture  determination  and  for  analysis  by  method  of  quartering 
(See  A,  S.  M,  E.  Code,  Section  XV). 

In  the  case  of  partially  burned  coal  and  the  ash 
the  entire  amounts  were  quartered.  In  the  case  of  the  coal 
a 500  pound  sample  was  collected  from  a few  pounds  out  of 
each  lot  fired. 

METHODS  OE  OETAIHIHG  DATA* 

Item  1.  Weight  of  fuel  was  observed  from  weight  of  coal  fired 
in  500  lb,  lots  which  carefully  weighed  on  plat» 
form  scales. 

Item  2,  Time  of  cleaning  fires  was  observed  and  recorded* 

Item  3.  Condition  of  fire  was  observed  at  end  of  firing  each 
500  pound  lot  of  coal. 

Item  4,  Size  and  condition  of  coal  was  obtained  from  sorting 
a representative  sample  of  coal. 

Item  5,  The  weight  of  ash  was  taken  every  hour  and  at  close 
of  test. 

Item  6,  The  weight  of  water  was  taken  when  fed  from  weighing 
tanks  to  feed  tank. 

Item  7,  Height  of  water  in  feed  tank  was  measured  at  end  of 
firing  500  pound  lots  of  coal. 


12. 


Items  8--15,  Height  of  water  in  gage  glass,  pressures  and 
temperatures  taken  at  regular  20  minute  intervals 
and  at  end  of  firing  each  500  pounds  of  coal. 

Item  16.  Flue  gas  samples  were  taken  at  irregular  intervals 
and  analj^sed  hy  Or  sat  apparatus. 

Item  17.  Weight  of  ash  used  to  deaden  fire  taken  "before 
close  of  test. 

Item  18.  Weight  of  partially  "burned  coal  and  ash  taken  after 
close  of  test. 

Item  19.  - 21,  Representative  samples  of  coal,  ash  and 
partially  "burned  coal  were  weighed  and  dried  in 
hoiler  room  at  shops  and  samples  reweighed  after 
15  hours  drying,  (See  A,  S,  M,  1,  Code  Section  XV), 

Item  22,  The  condition  of  weather  o"bserved  during  test. 

Item  23,  The  weight  of  leakage  from  "boiler  was  observed 

twice  during  test  Ho.  2 and  at  irregular  intervals 
during  test  No.  3.  All  leakage  from  "boiler  "being 
collected  for  o"bserved  periods  of  time  and  the  col- 
lected leakage  weighed,  (s>e.e  a 

The  water  ejected  "by  priming  the  ejector  was 
caught  in  a vessel  and  returned  to  the  feed  tank, 
ARRANGEMEINT  AND  DESCRIPTION  OE  APPARATUS. 

The  engine  was  placed  on  track  No.  10  in  the  round 
house  and  the  tender  removed.  The  connecting  rods  were  re- 
moved and  the  valves  set  forward  and  "blocked  in  such  a manner 
that  no  steam  could  enter  the  cylinders.  The  throttle  was 
closed  and  "blocked,  A 40- ton  car  of  coal  was  placed  on  an 


adjoining  track  in  the  round  house  and  a large  platform  huilt 
from  the  rear  end  of  the  engine  to  the  edge  of  the  coal  car. 

This  platform  was  on  a level  with  the  apron  of  the  engine 

and  upon  it  was  placed  a hopper  mounted  on  platform  scales 
in  which  500  pound  lots  of  coal  were  weighed.  Coal  was  passed 
from  the  car  to  the  platform  and  weighed  as  needed. 

To  the  right  of  the  engine  was  a platform  upon  which 
was  placed  a large  feed  tank,  from  the  hottom  of  which  a pipe 
line  was  extended  to  connect  to  “both  injectors,  either  one 

of  which  could  he  cut  out  by  means  of  rr^  o ng;  a globe  valve. 

Two  weighing  tanks  were  mounted  upon  platform  scales  which 
were  on  a platform  so  built  that  the  weighing  tanks  could  be 
emptied  into  the  feed  tank  as  needed. 

The  steam  was  taken  from  the  dome  of  the  boiler  and 
piped  through  a two  inch  pipe  to  the  hood  over  the  engine 
and  exhausted  to  the  atmosphere.  The  steam  pressure  was 
maintained  by  means  of  a globe  valve  inserted  in  the  pipe 
line  near  the  dome.  During  the  tests  the  valve  was  opened 
to  discharge  the  amount  of  steam  necessary  to  drive  the  en^ 

WHcri 

gine  carrying  an  average  tonnage.  This  was  estimated  on  basis 

A 

of  the  average  coal  consumption  on  road.  The  steam  pressure 
was  read  on  a Crosby  test  gage. 

About  eighteen  inches  from  the  dome  the  two  inch 
steam  pipe  was  bushed  up  to  three  inches  and  a short  three 
inch  pipe  inserted  in  the  pipe  line.  Into  this  was  placed 
a sampling  pipe  leading  to  a Carpenter  throttling  calorimeter. 
On  this  was  read  the  pressure  and  temperature  of  the  throttled 


s.  . 


..z  . 


t ' 


steam.  For  a description  of  this  calorimeter  see  Carpenter *s 

^6.0. 

Experimental  Engineering  Page  421  (et  Edition  1906, 

Barometer  pressures  were  taken  for  dates  of  the 
tests  from  the  records  of  weather  "bureau  at  the  University 
of  Illinois. 

The  feed  water  temperature  was  taken  in  feed  tank. 
The  temperature  of  round  house  was  taken  from  a 
thermometer  located  at  one  end  of  the  coal  car. 

The  temperature  of  external  air  was  taken  from  a 
thermometer  on  the  exterior  side  of  the  north  wall  of  the 
round  house. 

Temperature  of  flue  gas  was  taken  hy  mercury 

pyrometer  inserted  into  the  front  end  of  engine  six  inches 
in  front  of  the  petticoat  pipe  and  near  top  of  the  shell. 

The  flue  gas  samples  were  taken  through  a hand 
hole  on  the  right  side  of  the  "boiler  about  two  feet  from  the 
front  end.  The  samples  were  obtained  by  means  of  a l/4  inch 
sampling  pipe  three  feet  long  which  was  gradually  moved  back- 
ward and  forward  through  the  opening,  by  which  means  an 
average  sample  was  obtained.  This  pipe  was  connected  by  a 
rubber  hose  to  a small  aspirator  which  pumped  gas  into  a 
bottle  by  means  of  displacement  of  water.  The  gas  was  then 
transferred  from  the  bottle  to  an  orsat  apparatus  by  the 
method  of  water  displacement,  (See  Figure  1 Page  iSo.),  The 
analysis  was  made  according  to  the  method  described  in  Car- 
penter *s  Experimental  Engineering,  Page  474, 

The  weights  of  ash,  partially  burned  coal, and  coal 
samples  were  found  on  platform  scales.  The  moisture  samples 9 
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leakage,  etc.,  were  weighed  on  a small  pair  of "Buffalo"  scales. 
All  of  the  instriiments;  (Scales,  etcj. , used  were  carefully 
calihrated  and  found  to  he  accurate. 


CALCULATED  DATA  AND  RESULTS 


1,  Governing  Proportions  of  Engine. 

1.1  Grate  surface,  square  feet  - 34.3 

1.2  Water  heating  surface,  square  feet-  2827.25 

RESULTS  OP  BOILER  TRIALS 

2.  Time  and  Duration 


2.1 

Number  of  test  - 

1 

2 

3 

2.2 

Date  of  trial 

2/25/07 

2/27/07  2/28/07 

2.3 

Duration  of  trial  in  hours 

7.03 

7.03 

7.117 

Average  Pressures 

3.1 

Steam  pressure  in  boiler,  Thy 

gage,  pounds  per  square  inch  - 

165.5 

169.5 

160.8 

3.2 

Atmospheric  pressure,  inches 

of  mercury  - 

29.57 

29.46 

29.34 

3.3 

Manometer  ( calorimeter ) , inches 

of  mercury  *» 

.078 

.123 

.000 

3.4 

Porce  of  draught,  in  inches  of  water^ 

front  end 

.93 

1.23 

1.172 

3.5 

Porce  of  draught ^in  inches  of  water^ 

in  ash  pit  - 

.035 

.039 

.036 

Average  Temperatures  , i=ah«. 

4.1 

Of  external  air,  degrees  - 

38.5 

41.4 

45.0 

4.2 

Of  round  house,  degrees  - 

54.8 

51.2 

55.8 

4.3 

Of  steam  in  boiler,  degrees  - 

373 

375 

371 

4.4 

Of  steam  in  calorimeter,  degrees- 

290.0 

294.2 

292.0 

"TeST  Pto  I 


2. 
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\ M 3'ao'Tore. 

4.5  Of  feed  water  entering  41.4  39.2  41.5 

degrees  - 


4.6 

Of  escaping  gases,  degrees  - 

554 

561 

561 

!Fuel 

5 • X 

Moist  coal  consumed,  pounds  - 

9,500  11 

,000  9 

,500 

5.2 

Wood  consumed,  pounds  - 

133 

170 

149.5 

5.3 

Coal  equiTalent  of  wood  ( item  = 

5.2  X .4) , pounds  - 

53 

68 

60 

5.4 

Total  coal  consumed  including 

wood  equivalent,  pounds  - 

9,553  11 

,068  9 

,560 

5.5 

Moisture  in  coal,  per  cent  - 

io.i5 

10.56 

10.72 

5.6 

Dry  coal  consumed,  pounds  *= 

8,580  9 

,910  8 

,535 

5.7 

Total  ash  and  refuse,  pounds  -* 

1,392  1 

,192  1 

,148 

5.8 

Total  conhustihle,  pounds  - 

7,405  8 

, 415  7 

,170 

!Puel  per  Hour 

5.9 

Dry  coal  consumed  per  hour,  Ihs. 

1,220  1 

,410  1 

,198 

5.10 

Comhustihle  consumed  per 

hour,  pounds  - 

1,052  1 

,196  1 

,007 

5.11  Dry  coal  per  square  foot  of 

grate  surface,  per  hour,  lhs.-= 

35.58 

41.08 

34.95 

5.12 

Combustible  per  square  foot  of 

water  heating  surface,  per  hour 

pounds  - 

.372 

.423 

.356 

Proximate  Analysis  of  Coal 

5.13 

Fixed  Carbon,  per  cent  - 

39.93 

39.24 

38.75 

5.14 

Volatile  matter,  per  cent  - 

37.60 

36.74 

36.28 

5.15 

Moisture,  per  cent  - 

10.15 

10.56 

10.72 

T e.s»T.  Mo.  1 

2. 

3 

5.16 

Ash,  per  cent  - 

12.32 

13.46 

14.25 

5.17 

5.13  S’.  14- 

Combustihle  (Item  5-1-1  '+■  5 «-12 ) - 

77.53 

75.98 

75.03 

(Eor  Ultimate  Analysis  see  Appendix) 

Caloric  Value  of  Euel. 

5.18 

By  oxygen  calorimeter  per  pound 

coal  B.  T.  U. 

11,160 

10,830 

10,793 

5.19 

By  oxygen  calorimeter  per  pound 

comibustihle  B.  U. 

14,400 

14,250 

14,750 

5.20 

By  analysis  per  pound  coal,  B.  T. 

U.  - 
11,203 

10,958 

10,881 

5.21 

By  analysis  per  pound  combustible 

B.  T.  U.  - 

14,455 

14,440 

14,510 

6.  Water 

6.1 

Total  water  fed  to  feed  tank, lbs 

52,517 

64,859 

58,809 

6.2 

Correction  for  level  in  tank,  " 

-175 

-100 

-75 

6.3 

Total  water  fed  to  boiler,  lbs. 

52,342 

64,759 

58,134 

6.4 

leakage  from  boiler,  lbs. 

0 

903 

2,947 

6.5 

Water  fed  to  boiler  corrected 

for  leakage,  lbs.  - 

52,342 

63,856 

55,187 

6.6 

Equivalent  water  fed  to  boiler 

from  and  at  212  degrees,  lbs.  - 

63,800 

78,500 

67,750 

6.7 

Moisture  in  steam,  per  cent  - 

1.06 

. .921 

.96 

6.8 

Quality  of  steam  (dry  steam = 

unity).  - 

.989 

.9907 

.9903 

6.9 

Water  actually  evaporated  cor- 

rected  for  quality  of  steam,  lbs- 

51,750 

63,250 

54,640 

6.10 

Factor  of  Evaporation  - 

1.219 

1.229 

1.2275 

6 #11  Equivalent  water  evaporated  into 
dry  steam  from  and  at  212  degrees 


Test  rio  1 2-  3 

(Item  6.9  x 6.10),  pounds  - 63,120  77,750  67,080 

6.12  Water  evaporated  per  hour  cor- 
rected for  quality  of  steam,  Ihs.-  7,365  8,999  7,680 

6.13  Equivalent  evaporation  per  hour 

from  and  at  212  degrees,  Ihs  - 8,980  11,055  9,430 

6.14  Equivalent  evaporation  per  hour 
from  and  at  212  degrees  per  square 
foot  of  water=:heating  surface 

1T3S.  - 3.175  3.920  3.354 


7.  Horse  Power 

7.1  Horse-power  developed  (34  l/2  Ihs. 
of  water  evaporated  per  hour  into 
dry  steam  from  and  at  212  degrees= 
one  horse  power),  H.  P.  - 260 


321  273 


8.  Efficiency 

8.2  Efficiency  of  hoiler;  heat  ahsorhed 
hy  hoiler  per  Ih.  of  comhustihle  di- 
vided hy  heat  value  of  one  pound  of 
comhustihle,  per  cent 


Evaporative  Performance 

9.1  Water  apparently  evaporated  u^der 
actual  conditions  per  pound  of  coal 

as  fired  (Item  6.5  -r  Item  5.4)  Ihs  -5.48 

9.2  Equivalent  evaporation  from  and  at 
212  degrees  per  pound  of  dry  coal. 

(Item  6.11 -i-  Item  5.6),  Ihs  - 7.36 


62.6 


5.77 


62.2 


5.77 


7.85 


7.86 


9.3 


EquiTalent  evaporation  from  and 
at  212  degrees  per  pound  of  coal  as 
fired  (Item  6.11 -^-Item  5.4),  ITds  6.61 

9.4  Equivalent  evaporation  from  and 
at  212  degrees  per  pound  of  com- 
■bustible  (Item  6.11 -r  Item  5.8) 
pounds  - 8.530 

10.  Economic  result  Desired  in  these  tests 
10.1  Equivalent  evaporation./  from  and 
at  212  degrees  per  pound  of  net 

C or\%om  «d 

combustible  actually  by 

boiler  - 9.74 


7.02  7.02 


9.235  9.46 


10.14  9.97 


METHODS  OE  CALCULATIOH 

Item  1.1«  The  grate  surface  vras  calculated  from  grate 
measurements. 

Item  1,2  - The  water  heating  surface  was  taken  as  the 
total  heating  surface  of  tubes  the  area  of  the  side  sheets 
and  the  crown  sheet. 

Items  3 & 4 « The  pressure  and  temperature  averages  are 
averages  calculated  from  observed  readings. 

Item  (5.5,  5.13-"-5,21)  » The  moisture,  carbon,  volatile 

toy 

matter  and  ash  were  given  chemical  analysis. 

Item  6,4  - Calculated  from  leakage,  the  leakage  from 
boiler  was  observed,  for  known  periods  of  time.  The  leakage 
at  various  intervals  of  time  was  collected  and  weighed  and 
rate  of  leakage  in  pounds  per  minute  calculated  for  these 


periods.  Leakage  rate  'between  these  periods  was  taken  as 
the  average  of  leakage  at  "beginning  of  the  period  and  the  end. 
The  sum  of  these  being  taken  as  the  total  leakage  (See  Appendix) 
Item  6.6  - The  equivalent  water  at  212  degrees  was  cal- 
culated from  method  in  A.  S.  M.  E.  Code  1899. 

Item  6.7  - The  moisture  in  steam  was  calculated  from 
calorimeter^ref erred  to  in  Carpenter's  Experimental  Engineering 

A 


Item  6.10  - The  factor  of  evaporation  was  found  from 
the  curve  in  the  above  reference  and  calculated  by  formula 
therein  given 

Item  8 - The  efficiency  was  calculated  as  Item  6.11  x 
latent  heat  at  212  degrees  -r  Item  5.8-}-  Item  5.21. 

Item  9 - The  evaporative  performance  was  calculated  as 
specified  in  Items. 

Item  10  - The  total  conabustible  in  above  Items  refers 
to  combustible  represented  by  the  coal  and  wood.  By  net  com- 
bustible is  meant  combustible  in  fuel  minus  combustible  in 
ash  and  partially  burned  coal  on  grate  at  end  of  test.  (See 
Appendix) • 

DATA  ^ REGAKD  TO  SCALE. 

In  order  that  these  tests  might  be  compared  with 
others  an  effort  was  made  to  obtain  all  possible  imformation 
in  regard  to  scale.  The  boiler  was  divided  in  twelve  parts 
and  at  each  was  found  average  thickness,  total  weight  of 

Wkhc  Ta  Ke.r-4 

scale^and  representative  samples  for  chemical  analysis  and 
specific  gravity  determinations.  The  samples  taken  were 
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from  the  following  locations  in  boiler: 

Sample  Fo.  1 - The  upper  130  tubes  from  the  boiler  were 
taken  out  and  calipered.  Every  third  tube  was  calipered  at 
various  points  along  the  length  and  the  average  of  about  100 
readings  taken.  Prom  thes6  tubes  a large  sample  was  taken 
and  quartered  for  analysis. 

Sample  No.  2 - The  same  method  as.  above  used  for  the 
center  130  tubes  of  boiler. 

Sample  No.  3 - The  same  method  as  above  used  for  the 
lower  1|.0  tubes. 

The  tubes  were  then  all  weighed  and  taken  in  lots 
of  60  to  a rattler  for  cleaning.  The  tubes  were  again  weighed 
after  cleaning  and  the  weight  of  scale  found  being  the  dif- 
ference  of  the  two  weights. 

Sample  No,  4 - was  taken  from  the  right  half  of  boiler 
shell.  The  thickness  was  taken  as  an  average  of  38  readings. 

Sample  No.  5 - was  taken  from  the  left  side  of  the 
shell,  the  thickness  being  an  average  of  46  readings. 

Sample  No.  6 « was  taken  by  method  of  quartering  the 

loose  mud  in  the  bottom  of  the  shell.  This  mud  was  of  the 

texture  of  coarse  sand  and  contained  a large  per  cent  of 
moisture.  A sample  to  determine  moisture  was  to  be  taken  but 
the  mud  was  unfortunately  before  this  was  done. 

Sample  No.  7 - was  taken  from  the  rear  flue  sheet. 

Sample  No,  8 - was  taken  from  the  front  flue  sheet. 

Sample  No.  9 - was  taken  from  the  crown  sheet  near  the 

rear  flue  sheet. 

Sample  No.  10  - was  taken  from  the  right  side  sheet. 


Location  Uuiaber  (cont.) 


Thiclaiess  of  Scale  (cont.) 


9 

- 

7/64 

10 

- 

3/64 

11 

- 

3/64 

12 

- 

7/64 

There  was  no  scale  on  bottom  of  shell  except  the  loose 

mud. 

1.  Total  Weight  of  Scale  on  Tubes  (lbs)  - 1,221.50 

2.  Total  Weight  of  Scale  on  boiler  from 

Crown  Sheet,  shell  and  Pire  Sheets  (lbs)  - 713.13 

3.  Weight  of  Loose^Mud  in  Shell  (lbs)  - 1,229.50 

Total  Weight  'of  Scale  (lbs)  - 3,164.13 


Specific  grg,vity  of  scale  on  tubes  as  calculated 
from  outside  surface  of  tubes,  thickness  and  weight  of 


scale  -------------------------2.276 

Weight  of  Scale  per  cu.  ft.  (lbs)  --------  143. 
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ANALYSIS  OP  BOILER  SCALE 
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APPEND  I X*  A — PoR  SERIES  I 


OBSERVERS. 

The  general  supervision  of  the  tests  herein  des- 
cribed was  in  charge  of  J.  D.  Ball  while  the  front  end  arrange- 
ments were  in  charge  of  S.  B.  Moore  who  also  made  the  flue 
gas  analysis.  Other  observers  for  first  series  of  tests 
were  students  in  Mechanical  Engineering  at  the  University  of 
Illinois  as  follows: 


R.  E.  Robinson 

1 

0,  A.  Cumming 

! G.  E.  Munger 

: 

G.  S.  Eossland. 

1 

A.  S,  Buyers 

1 

S.  M,  Berolzheimer 

1 

E.  Van  Inwagen 

1 

L.  N,  Bowman 

R.  K,  Hursh 

1 

A.  B.  Cooke 

i t 

John  Nydigger. 

oi=  s ER»es  I 1 

The  fireman  for  the  tests  was  fireman  Lucot  em- 

A 

ployed  by  the  C.  C.  C.  & St.  L.  R.  R.  Co. 

CALIBRATION  GF  INSTRUMENTS. 

All  instruments  were  calibrated  and  were  corrected 
until  accurate  when  necessary.  The  thermometers  were  cali- 
brated in  water  and  steam  baths  and  compared  with  Standard 
at  Mechanical.  Engineering  Laboratory.  Scales  were  calibrated 
with  test  weights.  The  test  gage  was  calibrated  with  Crosby 
test  gage.  Calibration  of  feed  tank  was  made  using  water  at 
a temperature  of  60®  (See  curve  page  ^4-) 


COAL. 

The  same  coal  was  used  for  all  tests,  the  coal  left 
after  the  first  series  of  tests  "being  taken  care  of  in  round 
house  until  the  second  series  was  made.  The  determination  of 
moisture  made  hy  drying  gave  the  following  results: 


Test 

Mo. 

Wt,  of  coal 
before 
drying 
lbs. 

Wt,  of  coal 
after 
drying 
lbs. 

per  cent 
moisture 

1 

13.625 

12.5 

8.25 

2 

17,812 

15,75 

11.66 

3 

12.437 

11,625 

6.52 

Mechanical  sorting  of  a sample  of  about  500  pounds  showed 
the  following: 

1st  Trial  2nd  Trial 

Lump  (per  cent)  - 21,4  20,6 

Small  (per  cent)  - 27,4  26,3 

Slack  (per  cent)  - 51.2  53.1 

The  small  being  taken  through  two  inch  mesh  and  slack  through 
a three-fourths  inch  mesh. 

The  ultimate  analysis  of  the  coal  is  as  follows: 


Test  No, 

1 

2 

3 

Carbon  (C) 

61.15 

59.70 

59.31 

A VA 11. Hydrogen  (H) 

3.48 

3.38 

3.35 

Sulphur  (8) 

3.73 

4.42 

4.27 

Ash 

12.32 

l 3».  4-G 

Barometer  Be  ad  iritis  on  Dates  of  Tests* 


7 A.M. 

2 P.M. 

9 P.M 

February  25, 

1907  - 

29.63 

29.61 

29.47 

February  27, 

1907  - 

29.50 

29.47 

29.42 

February  28, 

1907  - 

29.35 

29.33 

29.39 

METHODS  OF  FIRING. 

The  firing  was  done  hy  means  of  "spreading". 


Test  No.  - 

1 

2 

3 

Average  thickness  of  fire  (inches) 

4.5 

4.7 

5.2 

Average  intervals  between  firing  500  lb. (min) 

20 

20 

20 

Average  intervals  between  cleaning  fires  (") 

15 

15 

15 

ANALYSIS  OF  DRY  SASES. 

Test  No.  - - 1 

2 

3 

Carbon  Dioxide  (COg)  (per  cent)  9.0 

9 

.56 

8.45 

Oxygen  (0£^»  (per  cent)  9.8 

8 

.73 

9.95 

Carbon  Monoxide  (CO),  (per  cent)  .4 

Nitrogen  (by  difference),  (N),(per  cent) 

o 

CO 

« 

.85 

80,8 

80 

.91 

80.75 

These  analyses  were  taken  in  order  that  a heat 
"balance  might  he  determined  for  comparison  with  other  tests. 

LEAKAGE. 

During  test  No.  2 a leak  started  about  a stay  holt 
on  the  right  fire  sheet.  This  leakage  was  caught  for  five 
minutes  at  time  of  commencing  and  near  close  of  test.  Both 
weighings  showed  leakage  to  he  43  pounds  in  five  minutes  and 


the  duration  of  the  leakage  was  13/4  hours.  The  total 
leakage  was  taken  as  903  pounds. 

In  test  No.  3 the  leakage  was  greater  and  increased 
in  voluniB  as  the  test  progressed.  The  following  data  ^ere 
taken  hy  weighing  leakage  at  various  times.  Leakage  started 
at  3:27  P.  M. 


Time  Minutes 

of  taking  Taken 

leakage 

Weight 
of  leakage 
(lbs) 

Leakage 
per  minute 
(lbs) 

4:00  to  4:05 

5 

7.5 

1.50 

8.07  " 8:11  l/2 

4 1/2 

39.5 

8.78 

10:14  " 10:16  1/2 

2 1/2 

32.1 

12.82 

Leakage  from  3:27  to 

4:00  = 

1.5  X 33  = 49,50 

Leakage  from  4:00  to 

8:07  = 

247  X 5,14=1,269.58 

Leakage  from  8:07  to 

10:14  = 

10.8  X 127-1,371,60 

Leakage  from  10:14  to  close  of  test  256.4 

Total  Leakage  (Ihs)  2,947,08 
The  above  was  determined  as  minutes  of  time  between  weighing 
leakage  multiplied  by  average  leakage  during  that  interval. 

PARTIALLY  BURNED  COAL  AND  ASH. 

The  chemical  analysis  of  the  coal  and  ash  left  on 
grate  at  end  of  test  and  of  the  ash  as  taken  from  pans  were 
as  follows: 

Partially  burned  coal  and  ash  used  to  deaden  fire. 

Test  No.  - 123 

Moisture  - ,89  .70  .65 

Ash  - 69.18  70.75  75.93 


Total  Carbon 


25.06 


23.53 


21.03 


t 

l^ri 


4 


( 


li  » 


Partially  “burned  coal  and  ash  used  to  deaden  fire » (Cont) 


Test  No. 

mm 

1 

2 

3 

Sulphur  - 

3.64 

4.37 

2.27 

B.  T.  U.  - 

4y565 

4^311 

3^826 

Ash. 

Test  No. 

mm 

1 

2 

3 

Moisture  - 

1.53 

1.16 

1.13 

Ash  - 

57.17 

61.16 

70.92 

Total  Carbon 

34.36 

31.74 

24.97 

Sulphur  « 

3.01 

4.16 

2.15 

B.  T.  U.  - 

6.171 

5,615 

4,600 

will  be  noticed  the 

carbon 

and  B.  T.  U. 

in  ash  ( 

exceeds  that 

the  partially  burned 

coal. 

This  is  due 

to  fine 

coal  falling 

through  grates  into  ash  pit,  etc*  All  analyses  were  made  hy 
the  department  of  Chemistry  of  the  University  of  Illinois. 

Owing  to  an  error  hy  analysist  the  entire  moisture 
was  not  determined  in  case  of  partially  burned  coal  and  ash. 
Owing  to  leakage  this  was  considerable  and  for  this  reason 

Wexc*- 

the  moisture  determinations, made  by  drying  samples, wws  taken 
as  correct  and  amount  ashes  and  partially  burned  coal  was 
corrected  to  an  amount  equivalent  to  ash  as  analysed.  This 
was  done  by  finding  amount  of  dry  ash  and  fire  using  moisture 
obtained  by  drying  and  then  referring  to  equivalent  amount 
as  analysed  using  moisture  given  by  analysist. 
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MOISTURE  DETERMINATIONS 


Test  No.  2, 

Wt.  of  sample 
before  drying 
(lbs) 

Wt.  of  sample  moist' 
after  drying  ure 

(lbs)  i 

Partially  burned  coal  - 

7,875 

6.562 

16.68 

Ash  - 

6.187 

6.000 

3.15 

Test  No.  3.- 

Partially  burned  coal  - 

8.25 

7.56 

9.57 

Ash  - 

8.000 

6.187 

22,7 

DATA  CONCERNING  EIRE 

AND  ASH. 

Test  No, 

1 

2 

3 

Total  Ash  (dry)  (lbs).  - 

1392 

403 

Total  Ash  (Wet)  (lbs).  - 

790 

1148 

Partially  burned  coal  and 

ash 

used  to  deaden  fire  at 

end 

of  test,  (lbs) 

1206 

1215 

915 

Ash  used  to  deaden  fire  (lbs)  - 203 

305 

218 

SAMPLE  CALCULATION. 

Showing  method  of  deriving  item  No.  10  calculated 


da  ta  • 


Test  No.  3. 

9,560  (Ihs.  coal  fired)  X 10,793  (B.  T.  U.  per  Ih.) 

= 103,200,000  B.  T.  U.  fired  into  grate, 

218  (Ihs.  ash  used  to  deaden  fire)  X -■  - l'<'0,5 

Ihs.  = equivalent  amount  of  ash  as  analysed. 

170,5  X 4600  (B.  T,  U.  in  ash  as  analysed)  = 784,500= 
B,  T.  U,  in  ash  used  to  deaden  fire. 
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915  Vo3,  (Partially  burned  coal  and  ash)  X * qq 5^ ‘ ~ 

833  = equivalent  amount  as  analysed* 

833  X 3826  (B.  T.  U.  in  mixture  as  analysed) = 

3,185,000  B.  T.  U.  in  fire  and  ash. 

1148  (lbs  ash)  X =:  899  lbs. =( equivalent  ash 

.9887 

as  analysed). 

899  X 4600  = 4,135,000  B.  T.  U.  lost  in  ash. 

3.185.000  - 784,500  = 1,400,500  B.  T.  U.  in  fire 

on  grate  actual  when  B.  T.  U,  thrown  on  in  ash  was  subtracted. 

4.135.000  + 1,400,500  rr  5,535,500  B.  T.  U.  lost  in 
partially  burned  coal  and  ash. 

103.200.000  - 5,535,500  = 97,664,500  B.  T,  U.  actually 
absorbed  by  boiler. 

97,664,500  14,510  =:  6730  net  lbs.  combustible 

actually  absorbed. 

— 9.97  lbs.  = equivalent  evaporization  from 

6730 

end  at  212  degrees  per  lb.  net  combustible  actually  absorbed. 
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Calibration  Curve: 
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TNC.t-i&S>  OF  WatE-R.  i KJ  TAwI^  k 


At  the  time  set  for  handing  in  this 
thesis  the  writers  were  unahle  to  obtain  the 
engine  for  the  second  series  of  tests*  This 
series  is  to  be  made  and  the  results  thereof 
embodied  in  this  thesis  as  supplementary  mat- 
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PART  II 


All  preceding  matter  (and  also  part  III)  v/as  Vi^rit- 
ten  before  tests  4,  5,  6,  series  2 were  made.  The  tests  of 
series  2,  referred  to  in  this  part  II,  and  the  calculations, 
were  made  under  the  direct  supervision  of  Mr.  E.  I.  V/enger, 
with  the  assistance  of  Messrs.  Ball  and  Moore,  who  also  as- 
sisted in  some  of  the  calculations  for  series  2.  V/herever 
series  2 is  referred  to  in  the  foregoing,  such  references 
have  been  revised  and  amended  v/here  necessary. 

Part  II  deals  with  series  2,  tests  4,  5,  6 v/hich 
were  mde  upon  engine  6541,  after  being  thoroughly  cleaned 
and  overhauled  in  the  Urbana  shops. 

COl'IDITIOR  OE  EITG-II'IE 

The  engine  was  received  for  test  in  series  2 before 
being  completely  ready  for  the  road.  The  condition  of  the 
boiler  was,  however,  the  saiae  as  during  series  1 except  as 
f ollo'ws : 

All  scale  v/hich  could  possibly/  be  removed  had  been  taken 
out . 

The  firebox  had  received  new  3/4  side  sheets,  new  3/4  door 
sheet,  and  a new  flue  sheet;  and  the  boiler  had  re- 
ceived 91  nev/  radial  stays  and  had  been  re- tubed. 

The  boiler  was  completely  lagged  but  had  not  yet  received 
the  outside  iron  jacket. 

The  ash-pans  were  not  hung  during  tests  4 and  5 but  were 
on  during  test  6. 

The  height  and  diameter  of  exliaust  nozzle,  the  position 


of  the  netting,  and  other  front  end  arrangement s 
v/ere  measured  before  series  2 and  were  found  to  be 
the  saine  as  previously  noted  during  series  1. 

Before  test  4 viras  made  the  boiler  had  been  tv/ice  brought 
up  to  pressure  and  was  under  fire,  in  all,  6-1/2 
hours  before  test  4 was  started.  The  condition  of 
the  tubes  as  regards  deposit  of  soot  is  therefore 
assiLmed  to  be  approximately  the  saiae  as  during 
series  1. 

COAL  ALL  BIREIIEN 

During  series  2 the  remainder  of  the  same  carload 
of  coal  v/as  used  as  had  been  used  for  series  1;  the  coal  in 
the  meantime  having  been  protected  from  the  weather  by  storage 
within  the  roundhouse.  fireman  Lucot,  v/ho  fired  during  all 
three  tests  of  series  1,  also  fired  during  tests  4 and  5 of 
series  2.  During  test  6 he  was  replaced  by  fireman  V/arren. 

MAIIilER  Of  COIlDUCTIHCx  TESTS 
The  manner  of  conducting  tests  as  explained  for 
series  1 on  pages  2,  3,  4 and  12,  13,  14,  15,  16  applies  in 
all  particulars  to  series  2 except  as  indicated  in  the  follow- 
ing : - 

ElJCrIiTE  DATA 

Same  in  all  respects  as  for  series  1 (pages  2-3). 
DATA  OBSERVED  DURING  TESTS 

Same  as  for  series  1 (pages  3-4-12) , except  that 
there  v;as  no  boiler  leafage  (item  23). 
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KETHODS  OI?  OBTAINING  DATA 


Everything  on  pages  12  and  13  applies  to  series  2 
except  the  first  paragraph  under  item  23. 

ARI^ANGEIIENT  AIH)  DESCRIPTION  OE  APPARATUS 

Except  as  here  noted  everything  on  pages  13,  14, 

15,  16  applies  to  series  2. 

Coal  was  wheeled  from  storage  "bin  and  passed  to 
the  platform  at  the  rear  of  the  engine  apron. 

All  instruments  used  in  series  2 were  the  same 
ones  as  had  been  used  for  like  purposes  in  series  1. 

LOG  SHEETS 

Checked  copies  of  the  original  log  sheets  for  tests 
4,  5,  6;  series  2 are  given  in  the  blue  print  tables 
immediately  following. 
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7 76 

S.zs 

.090 

0 

ZT 

iz:z7 

SOO 

7Z 

73- 

sso 

/6Z 

/SZS 

.030 

/3 

2 S3 

0 

&B 

12:40 

60.0 

7Z 

74 

SOS 

/ 

S.& 

■ OTD 

/.3’ 

2 Sit 

0 

Z9 

IZHT 

SOO 

■7Z 

74 

sso 

770 

7 7.  SO 

s.s 

oas 

/4 

Z&4- 

0 

30 

liOO 

60.0 

7Z 

74 

SOO 

773 

6.Z. 

.070 

/.S 

2S^ 

0 

31 

V.DR 

SOO 

72 

74 

sso 

/a  7 

73.  so 

•^.3 

.o9S 

7.4 

263 

0 

32 

WZO 

60.0 

72 

74 

ses~ 

/a  7 

/&00 

S.s 

.060 

AS 

264 

0 

33 

i:z4 

SOO 

74 

76 

sas 

/as 

€.s 

oro 

7,0 

263 

0. 

34 

■\\4o 

61.0 

74 

76 

S6S 

/7S 

/^,£>0 

4.3 

.040 

7.3 

zee 

- 0 ^ 

3S 

■r,H 

SOO 

74 

76 

S4S 

770 

4-5 

070 

7.S 

36 

roo 

60.0 

73 

74 

Sts 

770 

79.ZS 

4.3 

.070 

ZBS 

-,.5  - 

37 

z:oz 

SDO 

7J  „ 

7f 

SiS 

/&0 

4.0 

■ 070.  . 

At 

Z.04- 

A-. 

^ 0 . 

. 3a 

Z\zo 

MDO_ 

m.o 

7j 

74  ; 

7 7S 

/S.Ta* 

a? 

.OM 

Aa 

39 

7J 

74 

S&S 

7 7S 

4.2 

.070 

/.A. 

z&s  i 

0 ! 

40 

Z:3s- 

SOO 

7J 

74 

sss 

/&0 

7&.S0 

s.o 

■ O&O 

Lt 

Z&s 

0 1 

Z\4o 

60.0 

74t 

SS£L 

J&O  . 

.060 

7.2- 

zpss 

0 

Z'.3t> 

.so^ 

. 7J 

7f 

OtaM 

^ik.2s 

e.o 

. 070 

/.  C 

2.&S- 

0 

43  ' 

i:sis-\ 

Mfl 

73 

./e.zs 

eo 

,040 

9:9... 

Total 

1 Oooo 

1316 

3043 

,310^ 

236S0 

'jS4Z 

j2.5  0ji 

\ 

Avta. 

39.e 

T&JL 

72.3 

sso. 4 

fr-=r 

! .ose, 

7.Z  1 zezi 

- Cii  i . 

CAl-CULATED  DATA  AlID  RESULTS 


RESULTS  OE  TESTS  EOS.  4,  5,  6. 


2. 

Time 

and  Duration 

- 

2.1 

Number  of  test 

4 

5 

6 

✓ 

2.2 

Date  of  test 

5/28/07 

5/29/07 

5/30/07 

2.3 

Duration  of  test  hours 

7.14 

6.77 

6.92 

3. 

Average  Pressures 

' 

3.1 

Of  steam  in  boiler,  gauge 

pressure  lbs.  per  sq.  in. 

167.1 

170.4 

171.4 

3.2 

Of  atmosphere  in, of  mercury 

29.26 

29.15 

29.06 

3.3 

Of  steam  in  calorimeter,  by 

manometer  in. of  mercury 

0.06 

0.04 

0.03 

3.4 

Of  draught  in  front  end. 

inches  of  water 

1.11 

1.04 

1.26 

3.5 

Of  draught  in  ash-pan 

inches  of  water 

0.02 

0.02 

0.06 

4. 

Average  Temperatures  deg.  Eahr 

• 

4.1 

Of  external  air 

64.1 

63.7 

70.8 

/ 

4.2 

Of  roundliouse 

71.3 

68.2 

72.3 

4.3 

Of  steam  in  boiler 

373.5 

375.1 

375.7 

4.4 

Of  steam  in  calorimeter 

283,05 

284.5 

282.0 

i/ 

4.5 

Of  feed  v/ater  entering  in- 

jector 

57.5 

59.4 

60.2 

/ 

4.6 

Of  escaping  gases 

536. 

543. 

552. 

5. 

Duel 

5.1 

Moist  coal  consumed  lbs. 

10500. 

10000. 

10500. 

✓ 

5.2 

V/ood  consuiaed  lbs. 

66 . 

141. 

150. 

w 


(Item  5.2  x 0.4) 

lbs . 

27. 

56. 

60. 

✓ 

5.4 

Total  coal  consumed,  in- 
cluding v/ood  equivalentlhs . 

10527. 

10056. 

10560. 

.X 

5.5 

Moisture  in  coal 

10. 

57 

11. 

09 

8. 

✓ 

5.6 

Dry  coal  consumed 

lbs . 

9420. 

8891. 

9680. 

5.7 

Total  asli  and  refuse 

lbs . 

1885. 

1582. 

1303. 

• 

5.8 

Total  comhustible 

lbs  . 

7850 

7655. 

8050. 

Fuel 

per  Hour 

5.9 

Dry  coal  consuined  per 

hour 
lbs  . 

1343. 

1313. 

1398. 

5.10 

Combustible  consumed 

per 

hour 

lbs . 

1100. 

1131. 

1163. 

✓ 

5.11 

Dry  coal  per  square 

foot 

of  grate  surface  per 

hour 
lbs . 

39. 

2 

38. 

3 

40. 

5.12 

Combustible  per  square  foot 

of  water  heating  surface 

per  hour 

lbs . 

0. 

389 

0. 

401 

0. 

Proximate  Analysis  of  Coal 

5.13  Fixed  carloon 

5.14  Volatile  matter 

5.15  Moisture 

5.16  Ash 

5.17  Comhustihle  (item  5.13  + 
5.14) 

(for  ultimate  analysis  see 
appendix) 

Calorific  Value  of  Fuel 


36.53 

37.88 

38 . 46 

37.98 

38.20 

37.78 

10.57 

11.09 

8.36 

14.92 

12.83 

15.40 

fo 

74.51 

76.08 

76.24 

48 


5.18  By  oxygen  calorimeter  per 

pound  of  coal  B.T.U. 

5.19  By  oxygen  calorimeter  per 
pound  of  combustiBleB .T.U. 

5.20  By  analysis,  per  pound  of 

coal  B.T.U. 

5.21  By  analysis,  per  pound  of 

combustible  B.T.U. 

Water 

6.1  Total  v/ater  delivered  to 

* 

feed  tank  lbs. 

6.2  Correction  for  level  in 

tank  lbs. 

6.3  Total  water  fed  to  boiler 

lbs . 

6.6  Equivalent  water  fed  to 

boiler  from  and  at  212 
degrees  E.  lbs. 

6.7  Moisture  in  stearxi  fo 

6.8  Quality  of  stefim  (dry  steam 
- unity) 

6.9  Water  actually  evaporated, 

corrected  for  quality  of 
steam  lbs. 

6.10  Eactor  of  evaporation 

6.11  Equivalent  water  evaporated 


4 

5 

6 

10320. 

10632. 

10693. 

13860. 

13970. 

14020. 

10388. 

10812. 

10758. 

13950. 

14180. 

14110. 

62127. 

57596. 

56833. 

0 

-750 

+ 150 

62127. 

56846 . 

56.983 

75450. 

68850 . 

69050 . 

0.65  1.77  1.82 


0.994  0.982  0.982 


61720.  55850.  55970. 

1.2123  1.2105  1.2102 


into  dry  steam  from  and  at 
2120p. (item6.9x6.10)  lbs.  75000 


67600 


67790 


T1 


. f 


6.12  Water  evaporated  per  hour, 
corrected  for  quality  of 

steam  lbs.  8650. 

6.13  Equivalent  evaporation  per 

hour  from  and  at  212°  E.lbs  10515. 

6.14  Equivalentjevaporation  per 
hour  from  and  at  212°  E.  per 
square  foot  of  v;ater-heat- 

ing  surface  lbs.  3.715 

7 . Horse  Power 

7.1  Horse  pov/er  developed  (34->l/2 

lbs  of  water  evaporated  per 

hour  into  dry  steam  from  and 

at  212°  P.-  one  horse  power 

H.P.  309. 

8 • Eff ici ency 

8.2  Efficiency  of  tlie  boiler:- 
heat  absorbed  by  boiler  per 
pound  of  combustible,  divided 
by  heat  value  of  one  pound 

of  combustible  fo  61.8 

9 . Evaporative  Performance 

9.1  V/ater  apparently  eva|Dorated 
under  actual  conditions  of  test 
per  lb.  of  coal  as  fired. 

(Item  6.3  + item  5.4)  lbs.  5.92 

9.2  Equivalent  evaporation  from 
and  at  212  degs.  Pahr.  per 


8258.  8091. 


9960.  9795. 


3 . 525 


3.462 


288. 


284. 


55.7 


53.2 


5.62 


5.40 


L. 


5o 


4 5 6 

pound  of  dry  coal  (item 

6.11  item  5.6)  lbs.  7.97  7.60  7.05 

9.3  Equivalent  evaporation  from 

and  at  212®  E,  per  pound  of 
coal  as  fired  (item  6.11  + 

item  5.4)  lbs.  7.13  6.72'  6.42 

V/  9.4  Equivalent  evaporation  from  and 

at  212®  E.  per  pound  of  com- 
bustible (item  6.11  + item 

5.C5)  lbs.  9.55  8.84  8.45 

/ 10.  Economic  Result  Desired  in  These  Tests 
10.1  Equivalent  evaporation  from 
and  at  212®  E.  per  pound  of 
net  combustible  actually  con- 
sumed by  boiler  lbs.  10.94  10.08  9.293 

IIETHODS  OE  CALCULATIOIT 

Except  the  matter  reDating  to  item  6.4  all  methods 
noted  on  pages  21  and  22  apply  to  series  2 as  ?/ell  as  to  ser- 
ies 1 . 

COhCLUSIOE 

The  effect  of  scale  is  shown  by  a comparison  of  the 
equivalent  evaporation  from  and  at  212°  E.  per  pound  of  com- 
bustible consumed,  as  obtained  in  series  1;  with  that  obtained 
in  series  2. 

Eor  convenience  these  results  (items  10.1)  for  both 


s\ 


series  are  assem'oled  in  the  follov/ing  table. 
Equivalent  Evaporation  from  arid  ^ 212  degrees  E. 
per  pound  o£  Combustible  Actually  Consumed . 


SERIES  1 

SERIES  2 

Scale  in  Boiler 

Scale  Removed 

Test  I'To  . 

1 

2 

3 

Test  iTo. 

A- 

S' 

6 

9.74 

10.14 

9.97 

10.94 

10.08 

9.29 

Average 

for 

Series  1 

9.95 

Average 

for 

Series  2 

10.10 

Eor  Test 
#1 

9.74 

Eor  Tests 
7f  4 & #5 

10.51 

I, 

li 

I 

I 

i 

i 

i 


The  lea,kage  of  the  boiler  attending  tests  2 and  3 
v/as  due  to  the  boiler  condition,  and  could  not  be  eliminated 
in  spite  of  repeated  attempts  to  do  so;  the  tests  having  been 
st  a.rted  4 times  and  discontinued  in  the  effort  to  make  the  boiler 
tight.  I'or  leakage  determinations  see  aiipendix  A,  The  me- 
thod of  its  determination  assuiaes  uniformity  of  rate  of  leak- 
age betv^een  intervals,  v/hich  assumption  is  unwarranted.  On 
this  account  it  seems  proper  to  disregard  both  tests  2 and  3 
of  series  1 in  making  a comparison. 

Consideration  of  all  conditions  surrounding  series  2 
indicates  that  the  only  respects  in  Vi/hich  test  6 is  less  relia- 
ble than  nos.  4 and  5 is  in  the  difference  in  firemen  and  in  the 
difference  in  the  moisture  in  coal. 

There  is  no  specific  reason  for  suspecting  the  accur- 


acy of  the  moisture  determination. 


The  fireman  in  test  6 did 


not  however  handle  his  fire  quite  as  successfully  as  did  fire- 
man Lucot  in  the  preceding  tests.  For  such  reasons,  although 
perhaps  inadequate,  it  seems  advisable  to  disregard  also  the 
results  of  test  6 in  making  a comparison. 

Comparing  therefore  test  1 of  series  1 with  tests 
4 and  5 of  series  2 we  have  the  following  loss  due  to  the  pres- 
ence of  scale  in  the  boiler. 

LOSS  DUE  TO  SCALE  = — — s 7.26  per  cent 
APPEIUDIX  B - FOR  SERIES  ^ 

OBSERVERS 

Series  2 v/as  made  under  the  direct  supervision  of 
Mr.  E.  T.  L'enger,  assisted  by  Messrs.  J.  D.  Ball  and  S.  B. 
Moore.  Gas  analj'-ses  were  made  by  Mr.  Moore. 

Other  observers  were:- 

¥/.  E.  Alley  P.  S.  Freeman  L.  H.  Mueller 

Fireman  Lucot  fired  tests  4 and  5 and  fireman  Warren 
fired  test  6. 

BAROMETER  READIITGS 

Compiled  from  records  of  the  University  Station  of 
the  U.  S.  Weather  Bureau  Climatological  Service. 


May  28  May  29  May  30 


7:00  A.  M. 

29.25 

29.15- 

29.07 

12:00  M. 

29.27 

29.16  ■ 

29.07 

6:00  P.  M. 

29.26 

29.15  • 

29.03 

Average 

29.26  ■ 

29.15 

29.06 

IvlET?I013S  OP  PIRIHG 


The  fire  v/as  "spread”. 

as  follows 


Other  conditions  were 
Test  4 Test  5 Test 


GAS 


Average  thickness  of  fire  ins.  5.0  5.2 

Average  interval  ’betv;^een  firing 

min.  4 4 

Average  interva.1  hetvireen  clean- 

27 


5.0 


4 


ZQ 


ings 

min 

33 

m 

ATT.ALYSES 

6 Analyses 

of  flue  gases  were 

made  during 

test 

4,  4 during  test  5,  and  5 during 

test  6. 

The  averages  of  these 

analyses  of 

the  dry  gases  are 

as 

follows : - 

#4 

#5 

Carbon  Di -oxide 

(CO2)  fo 

6.6 

5.55-  7.72 

Oxygen  (0) 

cr/ 

/° 

12.3 

13.6  10.08 

Carbon  Monoxide 

i 

0.3 

2.5  0.4 

ITitrogen  (IT)  by 

dif  f erence/o 

80.8 

78.35  81.8 

COAL  DATA 


Mechanical  Analysis 

During  tests  4 and  6,  a.  weighed  coal  sample 
v;as  sorted  with  results  as  given  below.  This  v/as  not 
done  for  test  5. 


#4 

#6 

300#sanple 

84#sample 

Lump 

29.  S 

45.2 

Small 

(2"  mesh 

48.7 

25.6 

Slack 

(3/4"  mesh) 

% 

22.0 

29.2 

Moisture  Determination 


Samples  of  coal,  weighed  before  and  after  dry' 


ing  during  tests  4 and  5 (omitted  in  #6) , gave  the  fol- 
lowing results.  These  detei’minations  v/ere  made  as  a 
check  on  the  analyses. 


#5 

Weight  before 

drying 

lbs . 

6.5  ' 

6.4  ' 

V/eight  after 

drj/'ing 

lbs . 

5.75' 

5.75  V 

i 

Moistur  e 

11.5- 

10.15  " 

Chemica.1  Analyses 

Chemical 

analyses  ( 

Df  coal 

gave  the  fol 

lov/ing . 

results : - 

#4 

#5 

#6 

Moisture 

10.57 

" 11.09' 

8.36 

Ash 

14.92 

' 12.83  ' 

15.40 

Sulphur 

4.84 

" 4.14  ' 

4.90 

Volatile  matter 

% 

37.98 

38.20  ' 

37.78 

Pixed  carbon 

i 

36.53 

37.88  ' 

38.46 

Total  carbon 

i 

57.45 

59.82  " 

59.97 

Available  hydrogen 

3.01 

3.13  ' 

3.11 

B.T.U.  per  lb.,  by  calori- 
meter 10320.''  10632.''  10693.’ 

B.T.U.  per  lb.,  calculated  10388.  ' 10812.  ' 10758,'' 

PARTIALLY  BURl'IEL  COAL  ADD  ASK  DATA 


Chemical  Analyses 

Analyses  of  Partially  Burned  Coal  remaining  on 
grate  at  end  of  tests  plus  the  v/et  Ash  used  to  deaden  fire: 


#4 

#5 

#6 

Moistir  e % 

17.44  ' 

13.01  ^ 

4.02  ^ 

Asli  % 

64.20  ^ 

57.50  ^ 

69.75  ' 

Sulphur  fo 

2.62  • 

3.05  ' 

2.29 

Total  carbon  % 

17.93  ^ 

28.07  ' 

25.68  ' 

B.T.U.per  lb.,  by  calorimeter 

2797.  ■ 

4507.  * 

3970.  • 

Analyses  of  Ash  remoyed  from 

ash  pit 

during  test 

after  being  vret  down:- 

#4 

#5 

#6 

Moisture  fo 

23.46  ' 

19.40  '' 

7.02  ^ 

Ash  % 

36.40  ^ 

44.75  ^ 

54.20  ' 

Sulphur  ^ 

2.80  ■ 

2.42  ^ 

2.49  ' 

Tota.l  Carbon  ^ 

35.06  ' 

32.26  ^ 

34.77 

B.T.U.per  lb., by  calorimeter 

6065. ^ 

5374.  ' 

5810.  ■ 

Moisture  Determinations 

As  a rough  checked 

on  the  analyses,  determina- 

tions  were  made  of  moisture  in  the  ash 

in  tests 

4 and  5 

(omitted  in  6)  ; a,nd  also  of  the  moisture  in  the 

partially 

burned  coal  plus  ash  in  test 

5 (omitted 

in  4 and  6) . 

The  results  are  as  follows:- 

Por  the  partially  burned 

coal  plus 

ash  - 

#5 

Weight  before  dr^/ing  lbs. 

6.25  ^ 

Weight  after  drying 

lbs. 

5.50 

Moisture 

12.10  ' 

For  t he  ash  - 

#4 

#5 

Y/eight  loefore  drj'-ing  Ihs. 


6.88  ^ 


5.13  ^ 


#4 

Weight  after  drying  Ihs.  5.88" 

Moisture  fo  14.57" 

Other  Data 

#4  #5 


Total  v/et  ash  removed 
from  ash-pit  during 
test  lbs.  1885.' 

Total  dry  ash  (based 

on  analysis)  lbs.  1442. 

Partially  burned  coal 

on  grate  at  end  of 

test  plus  v/et  ash 

used  to  deaden  fire 

lbs.  1035.' 

Wet  ash  used  to  deaden 

fire  lbs.  217.  ' 

Equivalent  drj/  ash  used 

to  deaden  fire  lbs.  166.' 


1582.  ' 


127  5.' 


1070.' 
237.  ' 
191.  ' 


I 

I 


#5 

4.38  ^ 
14.60  " 

#6 

1303.' 

1211.' 

980. 
252.  ' 
235.  ' 


57 


PART  m 

As  auxiliary  to  the  tests  herein  described  an  attempt 
was  made  to  determine  the  effect  of  scale  by  a comparison  of 
locomotive  performance  before  and  after  cleaning  boiler.  The 
engine  previous  to  testing  was  used  a few  weeks  in  switching 
service.  Por  the  comparison  of  performances  this  time  was  not  | 
considered  and  results  were  based  on  coal  used  per  ton  mile 
six  months  before  time  of  entrance  in  switching  service  and 
six  months  after  cleaning  the  boiler.  The  following  data  were. 


coriipiled.  from  office  records. 


Before 

Cleaning. 

1 

6 

1st 
of  the 
months 

2nd 
of  the 
6 months 

3rd 
of  the 
6 months 

4 th 
of  the 
6 months 

5 th 
of  the 
6 months 

6th 
of  the 
6 months 

1.  Coal  con- 
sumption in 
tons  — 

226 

99 

437 

246 

263 

279 

2a  Mileage  - 

2342 

386 

1948 

1916 

1417 

1189 

3.  Gross  ton- 
nage handled 

29,773 

5,477 

37,020 

24,920 

23,914 

14,937 

4.  Gross  ton 
miles  (ton- 
nage X mileage) 

lj732,599. 

181,190 

1,327,660 

774,093 

1,121,179 

1 

|j 

663,56'| 

After 

Cleaning, 

1.  Coal  con- 
sumption , 
tons  - 

238 

/ 3 2 

ZZl 

Z3Z 

304 

269 

2.  Mileage  - 

2,515 

Ip47 

ZplA- 

1,885 

^7  04 

2,0  33 

3.  Gross  ton- 
nage handled 

45,797 

33,806 

2-4 

3,6537 

48,140 

3 7,3  ) 9 1 

5-8 


4.  Gross  ton 
miles 


2,996,952  2,364,93  f 3,837,058  3,296,5  70 


3,53  7,64/  3,/4  0,730 


Prom  above  data  was  calculated  coal  used  per  ton 


mile  as  follows:  (See  also  curve  on  Page  )• 


1st 

2nd 

of  the 

of  the 

6 months 

6 months  6 

Before  Cleaning  .2.61 

.103 

3rd 

4 th 

5th 

6th 

of  the 

of  the 

of  the 

of  the 

months 

6 months 

6 months 

6 months 

.658 

.630 

.467 

.841 

After  Cleaning  .159  .lez  .118 


.14'  .172 
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Months 


